ABSTRACT: Reproductive histories of indnldually identified, female humpback whales were documented on both the summering and wintering grounds of an endangered but currently unexploited population. Interbirth or 'calving' intervals of mature females were on average longer and more variable than previously reported, ranging from 1 to at least 5 yr. In Hawaii, multiple sightings of 18 females provided an estimated calving rate (calves [mature female]-' yr-') of 0.58. In southeastern Alaska, multiple sightings of 4 1 females provided an estimated calving rate of 0.37 The survival of an individual through at least its first year of life was documented in 5 cases. Three of these, first identified as calves in southeastern Alaska, continued to return to this feeding region as juveniles. The possible weaning of a year-old whale was observed in Hawaii, and the apparent death of a calf was documented in southeastern Alaska. We suggest that the estimated calving rate from sightings of females in Hawaii is inflated by sighting biases and that the lower estimate from southeastern Alaska is a better measure of current reproductive rates. A comparison of this estimate with historical estimates of pregnancy rates from whaling records provides no evidence of a marked density-dependent increase in the reproductive rate of humpback whales.
INTRODUCTION
Commercial whaling has reduced the standing biomass of baleen whales from approxin~ately 45 million tons in the early 1900's to about 9 million tons today (Laws 1977 (Laws , 1981 . In the southern hemisphere alone, this 'liberates' an estimated 153 million tons of krill each year (Laws 1981 , Lockyer 1984 . It is generally assumed that this tremendous surplus of food resulted in an increase in the reproductive rates of baleen whales during periods of commercial harvesting (Mackintosh 1942 , Laws 1961 , Gambell 1973 , Fowler 1981 . Direct evidence of the extent, or even the existence, of these density-dependent changes, however, remains controversial (Mizroch 1980 , Lockyer 1984 , Mizroch & York 1984 . Resolving this controversy by determining reproductive rates of endangered or depleted, but currently unexploited, populations of baleen whales is problematic. Historically, the reproductive biology of baleen whales has been described only from examination of carcasses in commercial catches. Once a population is protected from commercial harvest, comparable data on subsequent changes in reproductive parameters are difficult to collect. Only in a few protected populations, including the California gray whale Eschrichtius robustus (Rice & Wolman 1971 , Reilly 1984 , and the bowhead whale Balaena mysticetus (Nerini et al. 1984) , are recent sighting censuses and records of aboriginal or scientific catches available for estimating current population parameters.
The North Pacific humpback whale Megaptera novaeangliae is considered to be one of the most endangered of all baleen whales (Herman & Antinoja 1977 , Johnson & Wolman 1984 . Thought to have numbered between 15 000 and 20 000 individuals prior to exploitation, intensive 20th century whaling reduced this population to less than l000 before it was placed under international protection in 1967 (Rice 1974 (Rice , 1978 . Current population estimates range from 1200 to slightly over 2000 individuals (Johnson & Wolman 1984 , Baker et al. 1986 , Darling & Morowitz 1986 . Given this tremendous decline in their abun-dance, it is plausible that humpback whales now encounter less competihon for food and, as a result, have more energy available for reproduction.
Since the litter size of humpback whales is almost inevitably one (Chittleborough 1965) , an increase in the reproductive rate of a mature female must occur through a decline in interbirth intervals. Like most baleen whales, humpback whales are seasonal breeders and their reproductive cycles are closely tied to their seasonal migration. A mature female is thought to conceive on the breeding grounds one winter and give birth the following winter (Matthews 1937 , Nishiwaki 1959 , Chittleborough 1965 ). The calf is weaned at about 1 yr of age after completing a roundtnp migration to the summer feeding grounds with its mother (Chittleborough 1965 ). The pregnancy rates of humpback whales in commercial catches indicate that the majority of mature females conceive following the weaning of a calf, resulting in a birth once every 2 yr (True 1904 , Matthews 1937 , Chittleborough 1958 , 1965 , Nishiwaki 1959 . Alternately, a female may 'rest' for a year following the weaning of a calf, resulting in a 3 yr birth cycle, or a female may conceive immediately after parturition, resulting in a 1 yr birth cycle (Matthews 1937 , Chittleborough 1958 , Symons & Weston 1958 . Recent observations of yearly births to individually identified females in Hawaii confirm the occurence of 1 yr birth cycles (Glockner-Ferrari & Ferrari 1984) .
Here we present reproductive histories of female humpback whales on the wintering grounds of Hawaii and the feeding grounds of southeastern Alaska. Previous studies have shown that these 2 regions are seasonal habitats of a single population or 'structured stock' (Darling & Jurasz 1983 , Darling & McSweeney 1985 , Baker et al. 1986 ). Interbirth or calving intervals were estimated from the presence or absence of an accompanying calf in consecutive seasonal sightings of individually identified females. In a few cases, individual identification was also used to document the sunrival or mortality of calves during their first year of life and the subsequent migratory destinations of surviving juveniles. A comparison of current calving rates with earlier reports of pregnancy rates from commercial whaling records provides no evidence that the intense exploitation of this population has resulted in a marked increase in reproduction through a decline in interbirth intervals.
METHODS
Photographic documentation. Humpback whales were observed from small vessels and photographed with 35 mm single-lens reflex cameras equipped with 300 mm telephoto or 70 to 210 mm zoom lenses. Highspeed black-and-white or color film was used to obtain clear photographs to the ventral surface of each whale's tail flukes for the purpose of individual identification (Katona et al. 1979 , Baker & Herman 1984a . From each sighting of a whale or group of whales, the best photograph of each individual was assigned a 'fluke observation' number (Baker et al. 1986 ). Information on the location and date of sighting of a fluke observation, as well as the reproductive role and social affiliation of the identified whale, was stored in a data retrieval file at the University of Hawaii Computing Center. During the matching of fluke photographs, a whale that was sighted on more than one occasion was also assigned an 'animal' number which allowed all fluke observations, or sightings, of that individual to be referenced. Each individual discussed here was sighted more than once and is referred to by its animal number.
Study locations and periods. Research effort was concentrated in 2 seasonal habitats of humpback whales in the central and eastern North Pacific: Hawaii and southeastern Alaska. The main Hawaiian Islands are thought to be the numerically most important of the 3 known winter breeding and calving grounds of humpback whales in the North Pacific (Herrnan & Antinoja 1977 , Wolman & Jurasz 1977 . Across a 7 yr study period, an estimated 1320 to 1934 individual humpback whales visited the Hawaiian Islands (Baker et al. 1986) . Possibly half this number may visit Hawaii in a single winter season (Wolman & Jurasz 1977 . Southeastern Alaska, including the Alexander Archipelago, is currently the best studied feeding region in the North Pacific , Darling & McSweeney 1985 . An estimated 270 to 372 humpback whales spend much of the summer and fall feeding in the protected inside waters of this region .
Individual identification photographs were collected in Hawaii during 1978 to 1984 from late January to early April, the period of peak seasonal abundance (Herman & Antinoja 1977 , Baker & Herman 1981 . Photographs were collected in southeastern Alaska throughout the summers of 1980 to 1985 . Some observations from previous and subsequent seasons were included when available.
Gender and reproductive status. The gender and reproductive status of female humpback whales were inferred from the presence of an accompanying calf during one or more sightings. Because of the close association between a cow and her calf during most of the calf's first year, it was usually possible to identify the cow even when other adults were present in a pod. The fact that cow-calf pairs never associate with other pairs in Hawaii (Herman & Antinoja 1977) , and only rarely in southeastern Alaska (Baker 1985) , helped to prevent confusion about the mother of an individual calf.
To facilitate the interpretation of results, the following terms were standardized in this study:
Cow. An adult female accompanied by a calf in either Hawaii or southeastern Alaska.
Calf. A whale approximately 3 to 4 m in length and assumed to be newborn when sighted during January to March in Hawaii, or approximately 4 to 5 m in length and assumed to be 5 to 7 mo old when sighted during June to August in southeastern Alaska.
Yearling. A whale first identified as a calf and assumed to be at least 1 yr old on its return to Hawaii or southeastern Alaska the following year.
Juvenile. A whale first identified as a calf and subsequently sighted as a 2 or 3 yr old.
Calvingintervals. The number of years between seasons in which a n individually identified female was accompanied by a calf. 'Bounded' and 'unbounded' calving intervals are further distinguished in the text.
Calving rates. The proportion of individually identified females, assumed to be sexually mature, accompanied by calves in a given year or summed across years and expressed on a per-year basis. The calving rate of an individual female is equal to the inverse of her calving interval.
Pregnancy rates. As reported in catch statistics of the commercial whaling industry, the proportion of pregnant females in the total catch of mature females (Lockyer 1984) . 'Apparent' and 'true' pregnancy rates are further distinguished in the text.
Crude birth rates. The percentage of calves in the total popuiation or sample of a population.
RESULTS

Sighting histories
Of the 1230 whales individually identified in either Hawaii or southeastern Alaska during this study, 119 were inferred to b e reproductively mature females based on their close association with a calf in one or more years. Forty-seven females were sighted only in southeastern Alaska, 59 were sighted only in Hawaii, and 13 were common to both regions. Because of potential differences due to biases in data collection, the sighting records of females from each seasonal habitat are considered separately.
Female whales were resighted across years far more frequently in southeastern Alaska than in Hawaii. Of the 60 females identified in southeastern Alaska, 41 (68 %) were sighted in more than one year and 4 females were sighted in all 6 study years (Table 1) . In Hawaii, only 18 (25 O/O) of the 72 identified females were sighted across more than one year and only one female was seen in more than 2 of the 7 study years ( Table 2) .
Calving intervals
Records of females sighted across more than a single year provided information on calving intervals of individual humpback whales. Because sighting histories were seldom continuous, it was necessary to distinguish 'bounded' calving intervals from 'unbounded' calving intervals. A bounded interval was based on the consecutive sightings of a female which were bounded by both her previous and subsequent sightings with a calf. An unbounded interval was based on the consecutive sightings of a female which were unbounded either by her previous or by her subsequent sighting with a calf. In an unbounded interval, it was assumed that the female was accompanied by a calf in the missing year of the sighting record. An unbounded sighting of a female without a calf was assumed to be a 2 yr unbounded interval. As a consequence of this assumption, unbounded intervals are only a minimum estimate of the true calving interval. Animal #530 (Case 31, Table l The 138 sightings of females in southeastern Alaska (Table 1) provided records of 65 calving intervals. Only 4 calving intervals were bounded: 2 intervals were 2 yr. 1 was 3 yr, and 1 was l yr. The 61 unbounded intervals included 47 of 2 yr, 10 of 3 yr. 2 of 4 yr, 1 of 5 yr, and 1 of 7 yr.
The previous work of Jurasz & Palmer (1981) provides additional information on the 2 females accounting for the longest calving intervals. Animal # l 6 6 (Case 6, (Jurasz & Palmer 1981 . She was sighted without a calf throughout the summers of 1980 to 1983 and 1985 but returned to southeastern Alaska with a calf in 1984. This sighting record indicates a minimum calving interval of 5 yr. The 40 total sightings of Hawaiian females (Table 2) If resight histories were complete, the average calvinclude 1 bounded 2 yr interval, 1 bounded 1 yr intering rate would simply be the inverse of the average val, and 15 unbounded 2 yr intervals.
calving interval. Unfortunately, the number of bounded calving intervals is presently too small to estimate calving rates. An estimate of calving rates based on Sighted with a calf in southeastern Alaska during indicated year unbounded calving intervals would be biased by the assumption that all females gave birth in years that they were not sighted. We chose instead to estimate yedrly calving rates by dividing the number of sightings of females with calves by the total number of sightings of females with or without calves. This estimate makes no assumption about the presence or absence of a calf during years when an individual female was not sighted. It does assume, however, that the chances of sighting a female were not affected by the presence or absence of a calf.
Southeastern Alaska
The calving rates of females in southeastern Alaska showed considerable year-to-year variation, ranging from a high of 0.48 (calves [mature female]-' yr-l) in 1984 to a low of 0.24 in 1985 (Table 1) . During the years 1981 to 1985, calving rates appeared to change cyclically with high rates in even years and low rates in odd years. Although these changes were substantial, overall differences across the 6 study years were not statistically significant (Test of Independence, Chi-square [5] = 6.87, p = 0.23). Based on all years combined, the calving rate in southeastern Alaska was 0.36 with 95 '10 binomial confidence limits of 0.27 to 0.45 (with a normal approximation, Snedecor & Cochran 1967). If the sighting record of Animal #l66 was excluded as a possible misidentification, the calving rate increased slightly, to 0.37 (95 % binomial confidence limits, 0.28 to 0.46).
Hawaii
The estimates of calving rates in Hawaii were considerably higher than those from southeastern Alaska (Table 2) . Only 1981 and 1984 showed a calving rate of less than 0.50. Year-to-year differences in Hawaiian calving rates were not significant (Test of Independence with 1978, 1979, and 1980 combined as a single class, Chi-square [4] = 2.97, p = 0.56). Based on all years combined, the calving rates of females in Hawaii was 0.58 (95 % binomial confidence limits, 0.41 to 0.75).
Calf survival and mortality
The survival of a calf through at least its first year of life was documented in 5 cases (Table 3) . Three calves (#072, 1072, and 416), identified by their flukes or distinctive dorsal fins, were observed as yearlings while still accompanied by their mothers in Hawaii. For the 2 individuals seen in Hawaii as both calves and yearlings, the minimum period of association with the cow was 345 d (Animal #072) and 371 d (#1072). A fourth indi- .
One case of possible weaning was documented in Hawaii. Animal #072 was first observed as a newborn calf with its mother (#071) near Maui on 6 Mar 1980 (also described in Baker & Herman 1984a ). The following year Animal #072, then a yearling, and its mother were observed across a 3 d period near the Big Island. On the first 2 d the yearling was sighted with the female and another adult. Field researchers did not recognize #072 on sight but one of the authors (CSB) did note that it was small and suggested that it might be a yearling. On the second day the yearling, female, and adult 'escort' were observed for over 5 h during which they repeatedly tail-slapped, flipper-slapped, and breached, sometimes in tandem. On the third day the female was seen alone.
Another yearling, still accompanied by its mother in Hawaii, was involved in surface'a~tivit~ associated with aggression and male-male competition for females (Tyack & Whitehead 1983 , Baker & Herman 1984a . Animal #l072 was sighted as a newborn calf with its mother, #245, near Maui during winter 1981. The cowcalf pair was sighted the following summer (1981) in southeastern Alaska and again in Hawaii on 9 Mar 1982. On this last sighting date the cow and yearling were accompanied by an adult male, #022 (Baker & Herman 1984a) , and another adult of unknown sex. All the whales accompanying the female, including the yearling, were headlunging and apparently attempting to displace each other away from the cow. As with Animal #072, field researchers did not recognize #l072 and, in this case, assumed that it was an adult.
Two of the 4 yearlings (#l98 and 416), and a fifth calf (#186), not sighted as a yearling, have been resighted as juveniles in southeastern Alaska. Although the characteristic pattern of coloration on the ventral surface of the flukes may change, sometimes dramatically, during the first few years of a whale's life (Jurasz & Palmer 1981 , Carlson & Mayo 1983 , this is not always the case. The fluke coloration of juveniles discussed here was distinct when each individual was first photographed in southeastern Alaska at 6 to 9 mo of age (Fig. 1) . To date, their fluke colorations have remained relatively stable and recognizable.
A single case of apparent calf mortality was documented during summer 1986 (Baker 1986 ). Animal #587 (Case 8, Table 1 ) was sighted with a newborn calf on 3 Mar 1986, in Hawaii. The pair returned to Glacier Bay, southeastern Alaska that summer and were observed together on 3 separate occasions in June. Animal #587, unaccompanied by her calf, was next sighted in the waters adjacent to Glacier Bay during early August. She remained there alone for the rest of August and early September. Given the calf's age (approximately 4 to 6 mo) and small size (about 3 m), its disappearance in June is unlikely to have been a case of early weaning. Although the cause is unknown, it seems more likely that the calf died sometime between the last sighting of the pair in late June and the first sighting of #587 alone in early August.
DISCUSSION
Calf survival and migratory return Documenting the survival of 5 calves through their first year of Life and beyond is an initial step in developing complete life tables for humpback whales in the North Pacific. Three cases, including the one reported earlier by Baker & Herman (1984a) , showed the migratory return of a yearling with its mother to Hawaii. In one case, the yearling separated from the cow following a strenuous episode of aerial behavior lasting over 5 h. It is possible that the calf's departure was an instance of weaning and that the preceding aerial activity was the result of the cow's refusal to nurse. Similar parent-offspring conflicts are common during weaning in some ungulates (Leuthold 1977) . These observations provide direct evidence that, in general, Maternally-directed fidelity to a feeding region was indicated by the migratory return of yearlings and juveniles to southeastern Alaska. Jurasz & Palmer (1981) earlier reported the return of a 2 yr old individual, nicknamed 'Garfuncle', to Glacier Bay, southeastern Alaska. Garfuncle has continued returning to the Glacier Bay area for 10 of the 12 summers since its birth in 1974 (Jurasz & Palmer 1981 , Baker 1986 ). Clapham & Mayo's (in press) observations of returning yearlings and juveniles indicate a similar fidelity on the feeding grounds of the North Atlantic.
The site-fidelity demonstrated by juveniles and their mothers could underlie the formation of segregated feeding 'herds' in both oceans (Whitehead 1982 , Martin et al. 1984 , Baker et al. 1986 Mayo in press). Within a feeding herd, the tendency for neighboring whales to be closely related could enhance the benefits of cooperative or non-competitive feeding strategies (Baker & Herman 1984b , Baker 1985 . The formation of maternal kinship groups, however, has not yet been documented. Although often found within a few hlometers of each other, we have not observed juveniles associating directly with their mothers.
Accuracy of regional calving rates
Other available data indicate that our estimated calving rate from individually identified females in Hawaii (0.58 calves [mature female]-' yr-l) is inflated. Aerial surveys during the peak of seasonal abundance in 1976 indicate that, at best, 9.1 to 9.6 % of the humpback whales sighted in Hawaii were calves (Herman & Antinoja 1977) . Assuming that, with the inclusion of newborn calves, half of the individuals in the population are females and approximately half are mature (Nishiwaki 1959 , Herman & Antinoja 1977 , a crude birth rate of 9.6 % suggests a calving rate of 0.38 (9.6 / [l00 X 0.50 X 0.501 = 0.38). Across all aerial surveys conducted throughout the winter seasons of 1978 to 1980, only 7.2 % of the 1407 individuals sighted were calves (Bauer 1986) , suggesting a calving rate of only 0.29.
Inflated calving rates from individually identified females in Hawaii could be the result of behavioral characteristics which increase the probability of sighting a female during the years that she is accompanied by a calf. Early in the winter season, pods with newborn calves surface more often and remain closer to the shoreline than adult pods (Herman & Antinoja 1977 , Glockner-Ferrari & Venus 1983 . As the season progresses, cow-calf pairs are frequently at the center of conspicuous aggregations of male 'escorts' competing for proximity to the cow (Herman & Antinoja 1977 , Tyack & Whitehead 1983 , Baker & Herman 1984a ). Finally, cow-calf palrs, as a class, tend to remain longer on the wintering grounds than resting or newly pregnant females (Chittleborough 1965 , Dawbin 1966 , Herman & Antinoja 1977 .
Many of the positive biases affecting the accuracy of estimated calving rates in Hawaii do not affect those from southeastern Alaska. The seasonal residency of whales in southeastern Alaska is prolonged and relatively less influenced by age-sex differences in migratory timing . The smaller seasonal population and the high probability of yearly return to southeastern Alaska helps assure that individuals are seen repeatedly and continuously across several years, regardless of the presence or absence of a calf (Baker et al. 1985 , Baker et al. 1986 ).
Inevitably, measurements of calving rates in southeastern Alaska, and other feeding grounds (Clapham & Mayo in press), w~l l be influenced by an unknown degree of neonatal mortality during the first few months of life. The apparent loss of a calf during migration between Hawaii and southeastern Alaska, reported previously , and the apparent loss of a calf in southeastern Alaska during the summer of 1986, reported here, are evidence of at least some mortality during this period. A direct estimate of neonatal mortality would be possible with more sighting records of individually identified females on both the summer and winter grounds. Regardless of its magnitude, however, neonatal mortality does not affect the accuracy of the estimated calving rate from a feeding ground, only the ability to compare this estimate to other measures of reproduction. Some negative bias in the estimated calving rate from southeastern Alaska could result from the inadvertent inclusion of yearly sighting records prior to a female's sexual maturity. This potential bias, however, could have little impact on the 1984 and 1985 data, when all but a few of the females were known to have given birth in previous years. The calving rate estimated from only the last 2 study years (20 calved52 yearly sightings of females = 0.38), is consistent with the estimate from all sample years combined. Thus, we consider the overall calving rate of 0.37 (95 O/O binomial confidence limits, 0.28 to 0.46) to be accurate and suggest that, on average, a mature female gives birth only once every 2.7 yr to a calf that survives its first 6 mo of life and its first migratory transit.
Historical comparisons
Do current calving rates of humpback whales in the North Pacific indicate a density-dependent increase in reproduction? If all reproductive measurements were collected concurrently and with complete accuracy, calving rates should be equal to pregnancy rates minus the intervening rates of fetal reabsorption, stillbirths, and neonatal mortality. Current calving rates that are equal to or larger than historic pregnancy rates would thus be evidence of some density-dependent increase in reproduction. A summary of data from exploited populations of humpback whales suggests that this is not the case (Table 4 ). The estimated calving rate from southeastern Alaska is lower than all previously reported pregnancy rates except those of Chittleborough (1965) from western Australia.
The relatively low calving rate from southeastern Alaska is more disturbing when the conservative biases in historical pregnancy rates are also considered (Lockyer 1984) . Since international regulations (dating from 1933) prohibit the capture of cows accompanied by a Nishiwaki 1959 , Rice 1963 , Chittleborough 1965 . This calculation excluded an unknown proportion of cows that may have been giving birth on a yearly cycle, thus resulting in an underestimate of actual pregnancy rates (Lockyer 1984) . Even in the absence of historical comparisons, the length and variability of calving intervals observed in southeastern Alaska is direct evidence that these females are not currently approaching their maximum reproductive potential. In fact, interbirth intervals of this length (up to at least 5 yr) have not been reported previously for this species. Whaling biologists tended to assume that a female would 'rest' for no more than a single year after weaning a calf. The possibility of a female resting for more than a single year or experiencing non-fertile ovulations has not been generally considered.
What can explain the apparent depression in reproductive rates of this depleted but currently unexploited population of baleen whales? The following 5 hypotheses are among the most plausible:
(1) Density-dependent changes in recruitment are occuring in other population parameters. Eberhardt (1977) suggests that, among long-lived species, changes in food availability are likely to affect juvenile mortality and age of first reproduction before affecting birth rates and adult mortality.
(2) Populations are below a 'threshold' where reproduction is depressed or inhibited by low density. In some species with a colonial mating system, reproduction is facilitated by a high density of conspecifics (Wilson 1975) . Known as the 'Fraser Darling effect', social facilitation of mating may be a factor in humpback whale wintering aggregations (Baker & Herman 1984a) .
(3) Other species of marine mammals or birds have expanded their niche a n d displaced whales through interspecific competition. In the southern hemisphere, several species of seals and penguins may now utilize prey once taken by baleen whales (Laws 1977 , Payne 1977 . Mitchell (1975) suggests that other species of baleen whales may have competitively displaced right whales in the North Atlantic.
(4) Potential density-dependent increases in reproductive rates are being offset by other factors. A severe population 'bottleneck', caused by intensive exploitation, can reduce the genetic variability of a population, potentially resulting in decreased fertility and increased juvenile mortality (Bonnel & Selander 1974 , Ralls et al. 1979 , O'Brien et al. 1983 . Environmental contaminants, particularly chlorinated hydrocarbons, are reported in the tissue of most marine mammals and have been implicated in the reduced reproductive success of some species (Delong et al. 1973 , Helle et al. 1976 ). Chronic human disturbance or displacement from preferred habitats could stress individuals (Norris & Reeves 1978 , Herman e t al. 1980 , Baker e t al. 1982 , resulting in disruption of pregnancy or a reduction in the amount of energy available to females for reproduction (Laws 1973 , Herrenkohl 1979 .
(5) The predominant factors controlling the growth of baleen whale populations are independent of density (Mizroch 1983) . There are few observations of humpback whales that suggest direct intraspecific competition for access to food; an important mechanism of density-dependent regulation in a population. This does not, however, argue against the importance of food availability in limiting humpback whale reproduction. Undoubtedly, the energetic demands of pregnancy and lactation on female baleen whales are extreme (Lockyer 1981 (Lockyer , 1984 . However, a female's ability to gather sufficient food for reproduction may be determined primarily by yearly changes in the number or rate of formation and dispersal of prey patches, rather than by intraspecific competition or population density.
Assessment of humpback whale forage in southeastern Alaska shows significant regional, seasonal, and yearly differences in the abundance of prey species (Bryant et al. 1981 , Krieger & Wing 1984 . Marked yearly changes in the calving rates from southeastern Alaska, although not statistically significant with our sample size, could be the result of 'lean' and 'fat' years of prey availability. Alternatively, cyclical changes in the calving rates of neighboring females could be influenced by behavioral or social synchrony that is only loosely determined by environmental cycles.
At present, it is not possible to conclude which, if any, of these hypotheses correctly explains the apparent depression in reproductive rates of North Pacific humpback whales. Only the continued long-term study of naturally marked individuals in this, and other baleen whale, populations will provide the accurate measurements of population parameters necessary for an enlightened management policy and for a truly comparative study of life-history strategies in these species.
